IN the early stages of research on vitamins Funk [1913] advanced the suggestion that the secretion of these factors in the milk was controlled by their presence in the food of the lactating animals. Subsequent investigations have proved this conjecture to be true. McCollum, Simmonds and Pitz [1916], working with rats, found that the development of the young was greatly influenced by the presence or absence of vitamin A or B in the diet of the nursing mothers. Hart, Steenbock and Ellis [1920] , Dutcher and co-workers [1920], and Hess, Hunger and Supplee [1920] demonstrated that the antiscorbutic potency of cow's milk depended on the antiscorbutic character of the diet of the cow, whilst Hughes, Fitch and Cave [1921] , and Kennedy and Dutcher [1922] were responsible for proving that the vitamin A or B content of the milk was similarly influenced by the diet of the animals. The last of these investigators introduced vitamin A into the cows' ration in the form of alfalfa hay and corn silage. We [Drummond et al., 1923 were able to confirm the observations of previous workers in this field, showing that by restricting the vitamin A content of the diet of the stall-fed. cow a corresponding diminution of the vitamin takes place in the. butter-fat. This fall in the vitamin A potency was shown by us to be rectified by the introduction of cod-liver oil into the deficient winter ration of the cows.
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Apart from the direct evidence that the vitamin content of the milk of the cow is influenced by the diet of the animal, there is also some indirect evidence available supporting this view. In this connection one might quote the observations of Barnes and Hume [1919] on the seasonal variations in the antiscorbutic properties of cow's milk and those of Drummond, Coward and Watson [1921] on the variation in the amount of vitamin A in butter. Although a few investigators were unable to confirm this influence of diet on the vitamin content of the milk, the weight of evidence obtained from so many independent and careful investigations leaves no doubt as to its reality.
All the experiments referred to above were carried out at a time when the separate identity of the antirachitic vitamin (vitamin D) and of vitamin A was not fully appreciated and consequently the "Vitamin A" measure of the cows' diet and that of the milk obtained from these animals as determined by these earlier researches give us no idea of the relative proportions of the two fat-soluble principles present in either. The discovery of McCollum, Simmonds, Shipley and Park [1922, 1, 2, 3 ] that the two " fat-soluble " vitamins were not identical was soon corroborated by various workers and it became apparent that certain green vegetables did not contain much of the antirachitic vitamin [McClendon and Schuck, 1923; Zucker, 1923; Goldblatt and Zilva, 1923; Chick and Roscoe, 1926; Boas, 1926] . The experiments of Goldblatt and Zilva made the low calcifying potency of spinach as compared with cod-liver oil particularly plain. They found that whilst a daily dose of 0-1-0-25 g. of spinach promoted growth in rats on a diet deficient in the fat-soluble vitamin, a dose of 3 g. did not have the slightest effect in promoting calcium deposition, although 2-2-4-5 mg. of cod-liver oil was found sufficient in this respect. If, therefore, other green fodder behaved similarly to spinach, the milk from winter cows fed on a basal ration supplemented with green vegetables would be poor in the antirachitic vitamin in spite of its growth-promoting properties. On the other hand, the milk from the cows which received an addition of cod-liver oil with their winter ration might yield a milk of enhanced antirachitic potency. Recent work [Luce, 1924; Chick and Roscoe, 1926] has shown that the presence of green fodder in the ration of the cow increases the vitamin A content of the milk, whereas it has only a slight effect on the antirachitic factor.
In attempting to test this hypothesis experimentally we were faced with some technical difficulties. In our first effort in the winter of 1924-25 we employed the old growth method of Zilva and Miura [1921] for the estimation of vitamin A. In view of important work on this subject by Steenbock and his collaborators [1923, 1924] growth cannot be accepted as a reliable criterion for the assay of vitamin A unless other vitamins are available in adequate amounts. These workers have shown that each fat-soluble vitamin is able to promote growth for as long a time as the other is present as a reserve in the animal, and consequently the interpretation of the results obtained in our first experiments was not warranted, although there were definite indications that our surmise as regards the influence of the green fodder and cod-liver oil of the cows' ration on the milk was justified. The work was therefore repeated in the winter 1925-26. In this effort we were greatly aided by the experiences of the preceding year. Above all, we had the advantage of utilising for our tests a standardised breed of young rats which are now specially bred at the Lister Institute for use in the estimation of the fat-soluble vitamins [Smith and Chick, 1926] . Sources of error such as the variation in the reserves of these two vitamins in the experimental animals were thus eliminated. The importance of this has been pointed out by Chick [1926] in her critical study on the biological methods for the estimation of the fat-130)7
Bioch. xx 84 soluble vitamins. Vitamin A was in the present investigation estimated by a method based on Steenbock's principles, namely, by administering the butters to rats which were declining in weight on a diet free from fatsoluble vitamins but containing irradiated hardened cotton-seed oil as a source of vitamin D.
This final set of experiments produced definite evidence that cows receiving a supplement of green vegetables (kale) with their stall diet yield a butter rich in vitamin A but poor in the antirachitic vitamin, whilst cows receiving a supplement of cod-liver oil produce a milk rich in both fat-soluble vitamins. In spite of their superior vitamin A content the antirachitic value of the butters from the cows receiving kale was found to be of the same magnitude as that of the butters from the cows receiving the basal diet without supplement which was a diet altogether free from fat-soluble vitamins. The significance of this fact from the hygienic point of view will be discussed later.
EXPERIMENTAL.
Six dairy shorthorn cows from the herd of the National Institute for Research in Dairying at Reading were employed in the 1925-26 experiment. The animals were divided into three groups but the milk of each individual cow was kept separate. The groups were arranged as follows: The cows were kept in well-ventilated stalls where the access of light was very poor and exposure to direct sunlight was excluded. The animals were milked twice a day, at about 7 a.m. and 4 p.m., and their walk from their stalls to the milking sheds was their only exercise. Water was laid on for each cow.
About the middle of April the butters were prepared from the respective milks for testing purposes. All the milk from four consecutive milkings on two days was employed for the butter of each cow. After separating the milk, the cream was ripened by a special starter prepared in separated milk. When the ripening was complete the butter was churned in a 2-minute churn, washed in the usual way with water and made up. Precautions were of course taken to prevent the butter of one cow from coming into contact with that of another in the churning process. The butters from the cows on basal diet were white and those from the " cod-liver oil " cows were equally colourless and did not possess a " fishy" flavour or any other taint. The butters from the kale-fed cows, especially from Firefly, possessed the usual yellow colour. The vitamin determinations which were carried out at the Lister Institute began early in May.
During the period which elapsed between the preparation and the termination of the testing, the end of June, the butters were kept in the dark in cold store.
There was a very marked drop (about 30 %) in the percentage of fat of the milk from the cows receiving cod-liver oil when the dose was increased to 8 oz. The percentage of the fat in the milk from the cows fed on kale on the other hand remained the same as in that obtained from the control cows. This phenomenon was previously observed by us as well as by Wagner and Wimberger [1925] . The reduction in the actual amount of fat produced by the " cod-liver oil cows " per day was not, however, as great as it might appear from the percentage figures. This is seen from Table III in which the yield of milk-fat per day (an average of three successive days) at the commencement and at the end of the experiment from each cow is given.
The figures show that there was a diminution in the daily yield of milk-fat in all the cows due to the natural fall in the quantity of milk as the lactation period advances. The "cod-liver oil cows," however, showed a decidedly lower production of milk-fat per day. If the average fall in yield of fat by the other cows be taken into account the extra diminution amounted to about 15 %. When the rats on the above diet ceased to grow in weight after 3-4 weeks, the hardened cotton-seed oil was replaced by a similar oil previously irradiated for 30 minutes at a distance of 33 cm. from a quartz mercury lamp. Growth was then restored for another 3-4 weeks when the second decline in weight due to the vitamin A deficiency set in. The butters were then administered. Doses of 0-2 g. and 0-6 g. from each butter were given daily, care being taken to ensure the total consumption of the doses. As a negative control a group of rats were left on the basal ration containing the irradiated oil only. Another group of rats receiving cod-liver oil served as a positive control. The degree of growth was taken as a criterion for the vitamin A assessment.
The antirachitic potency of the butters was arrived at by feeding them to rats subsisting on McCollum's 3143 rickets-producing diet low in phosphorus. Rats about a month old were placed on this diet supplemented by the butter doses. In this case daily doses of 0-2 g. and 0-6 g. of each butter were also used. The group of rats serving as a negative control received only the basal diet, whilst some of the animals in the positive control group received one drop, others three drops of cod-liver oil. After 28 days the animals were killed and the femur, tibia, and fibula were dissected and carefully cleaned of all adhering' flesh and weighed. The dry weight was obtained after drying the bones for 24 hours at 1100. The dry bones were then wrapped up in fineV meshed silk material, broken up and extracted with boiling alcohol for 8 hours and subsequently with ether for 16 hours, after which they were removed to weighing bottles, dried again at 1100 for 2 hours and weighed. The ash content of the bone was obtained by incineration to constant weight.
The main difference in composition of the bones between rats receiving a sufficient dose of cod-liver oil as an addition to the above diet and those maintained on the experimental diet alone lies in the water content and in the ash content of the bone. Chick, Korenchevsky and Roscoe [1926] suggest a convenient standard of comparison, namely, the ratio A/R of the ash in the bone to the organic material other than substances extracted by hot alcohol and ether., We found this standard to be a reliable index of the degree of calcific&tion and very convenient for comparative purposes.
Vitamin A. Three rats were utilised for each dose of butter. In this experiment about 50 rats of approximately the same age and reared under the same conditions had to be collected. Consequently, it was difficult to prevent the inclusion of a few animals which did not come up to the high standard of the physical condition of the majority of the group. Any suspicious animals in this respect were placed in the group of the positive control, the animals of which group received cod-liver oil daily. Some of the delicate animals died in the early stages of the experiments. The remainder, as will be seen from Table IV , in spite of their condition, responded well to the addition of vitamin A in the form of cod-liver oil to the otherwise complete diet. Negative controls which received no vitamin A lost in weight and eventually succumbed as a result of this vitamin deficiency. The rats receiving the butters from the cows on the basal diet (Lily and Welcome) showed hardly any growth on the 0-2 g. dose and some growth on the higher dose of 0-6 g. The butter from the cow Welcome was decidedly worse than that from her fellow on the same diet. When we turn to the group of rats fed on the butters from the cows which received kale in addition to the basal diet (Bertha and Firefly) we find a decidedly higher growth-promoting activity in this butter as compared with that from the cows on the basal ration. This activity is still more marked in the butters from the cows whose ration was supplemented by cod-liver oil. These results are represented graphically in Figs. 1 and 2 obtained with rats fed on the butters from the different cows. It is seen that the rats receiving 0-2 g. of butter from the basal cows and from the kale-fed cows behaved very much like the negative control rats receiving no butter supplement in their diet. On the other hand, the same dose of butter from the "cod-liver oil cows" showed a definite antirachitic potency (Fig. 1) . When the doses of the butters given to the test rats were trebled ( Fig. 2t the butter from the basal and kale-fed cows showed an antirachitic potency of the same magnitude. This potency was, however, decidedly lower than that shown by the butters from the " cod-liver oil cows." The latter butters were almost as protective in this dose as the one drop of cod-liver oil given to some of the animals of the positive control rats. As there was only a small difference in the behaviour of the two sets of animals in the positive control group, one may conclude that the maximum standard of calcification possible to demonstrate by this method has been almost reached by the administration of one drop of cod-liver oil.
In comparing the results of the vitamin D tests of the butters with those of the vitamin A tests it becomes evident that whilst the addition of kale to the basal ration raises the vitamin A content of the milk it does not contribute to the enhancement of its antirachitic potency. In the case of the "cod-liver oil cows " there is a marked augmentation in the potency of both vitamins.
In our experiments the water content was higher and the ash of the bones lower than in those of Chick, Korenchevsky and Roscoe [1926] . This is most probably due to the fact that the batch of rats employed by us had lower initial reserves of the antirachitic vitamin. Our results, however, fully confirm the observation of these workers. There is a decided higher water and lower ash content in the bones of the negative control animals as compared with the positive control group. The corresponding differences in fat content and the "organic residue " are also similar. It will be seen that the value of the ratio of ash to "organic residue," as suggested by the above workers, serves as a very convenient index of the antirachitic protection effected by substances incorporated in the basal diet.
The comparative superiority of the calcium-depositing properties of butters from cows receiving cod-liver oil over those of butters from kale-fed cows also emerges from the results we obtained in our 1924.-25 experiments. The test rats were fed on a basal diet complete in every respect except the fatsoluble vitamins, and growth was observed by the method of Zilva and Miura and the mineral ash content of the bones of the test rats estimated after a period of 7 weeks on the experimental diet to which small daily rations of the butter were added. The butters were tested on three different occasions during the period in which the cows were on the experimental diets. In the third test the results were most marked, since by then the reserves of the antirachitic vitamin of the cows were run out and consequently the influence of the antirachitic character of the diet on the milk was most pronounced. In Table VI only the averages of the percentages of ash in the fat-extracted bone from the rats on the various butters in the third test are given. Three doses of butter were used in this investigation, namely, 0-2 g., 04 g., 0x8 g. The last dose, however, was found to be too high and had a disturbing effect on the rats, for which reason we adopted 0x2 g. and 06 g. as test doses in the 1925-26 investigation.
From Table VI it is seen that whilst the percentages of the ash content of the bones from the rats receiving the butters from the basal diet cows and from the kale-fed cows are the same and almost of the same magnitude as the negative controls, the percentage of the ash in the group of rats on the "cod-liver oil butter " is definitely higher. There is no differentiation between the behaviour of the animals on the 02 g. dose and those on the 04 g. dose. This we can only explain by the fact that the less vigorous rats of the available supply were used purposely in testing the higher dose. The results of this experiment, however, when taken in conjunction with those of the 1925-26 investigation indicate an improvement in the antirachitic potency of the "cod-liver oil butters" as compared with the butters from the kale-fed cows and with those from the cows on the basal diet.
CONCLUSION.
Taking the A/R ratio in the bones of our test animals as the basis of comparison for the antirachitic potency of the different butters it is seen that the antirachitic value of the milk varies with the increase in the AIR ratio above the figures obtained with the negative controls. By comparing these variables it is found that the antirachitic potency of the " cod-liver oil butters " is twice as high as that of the butters from the kale-fed cows and from the cows fed on the basal ration. An increase of this magnitude can only be explained by a passage of the antirachitic vitamin of the cod-liver oil into the milk. One must of course consider the possibility of an increase in the vitamin content of the butter owing to the decreased yield of butter-fat brought about by the administration of the cod-liver oil. Such an increase, however, could, as we have seen, only be of the order of 15 %. Experiments with smaller doses of cod-liver oil will throw further light on this aspect of the question.
The passage of the antirachitic vitamin from the diet into the milk of the lactating animal cannot be looked upon as an unexpected result when one considers the analogous behaviour of the other vitamins in this respect. The work of McCollum, Simmonds and Pitz [1916] on rats, mentioned in the introductory part of this communication, Miss Hume's investigations at Vienna on human milks [1923] , Korenchevsky's [1921 Korenchevsky's [ , 1923 Korenchevsky's [ , 1925 contributions on the influence of the presence of the antirachitic vitamin in the diet of the pregnant and lactating rat on the progeny, all pointed to the passage of the antirachitic principle from the diet into the milk of the mother.
By observing the effect upon children suffering from florid rickets Wagner and Wimberger [1925] studied clinically the relative antirachitic potency of milks from cows receiving cod-liver oil in their ration and from cows subsisting on a basal diet. Parallel laboratory tests were carried out on the milks used by Wagner and Wimberger by Dr E. M. Luce at the Lister Institute with the object of ascertaining the relative vitamin A and vitamin D activity of the samples of milk. In view of the fact that the growth-promoting test was employed in the estimation of vitamin A these results may not be correctly interpreted, but the antirachitic tests, in spite of the small number of rats employed, and the rather doubtful basal diet of the cows (clover, brewer's grains, clover hay and bran) show that the "cod-liver oil" milks were definitely superior to the control milks. Thus for test rats on a dose of 5 cc. of milk the percentage of calcium in dry bone (not extracted) was 16-5 for the "cod-liver oil milk rats" as compared with 14-1 for the "control milk rats." This differentiation was rather less marked with the higher dose of 10 cc., probably because of the appreciable antirachitic potency of their control milk. The cure of florid rickets was presumably too severe a test and influenced by the negative results which they obtained, Wagner and Wimberger, to our mind, discount the suggestive nature of the results on rats when they say " Im Zusammenhang mit den Versuchen am menschlichen Siiugling aber darf man auch dieser geringen ttberlegenheit der 'Lebertranmilch' keinen zu grossen Wert beilegen."
Our results are not without practical significance when we consider that infants born during the winter and brought up on cow's milk would depend almost entirely, unless cod-liver oil were given, for their supply of the antirachitic vitamin on the milk, during the early months of their existence. The antirachitic value of the average winter milk would not be of a much higher order than that of the milk from our basal-or kale-fed cows. The antirachitic potency of such milk, it appears from our results, can be doubled by administering cod-liver oil to the cows during the winter months. Several points have still to be cleared up. It is of importance to ascertain whether lower doses of cod-liver oil, such as do not depress the yield of milk fat, will enhance the antirachitic potency of the milk to the same extent as the higher doses. Also whether the administration of cod-liver oil to the cows during the summer months could raise the antirachitic activity of their milk in summer also, and lastly to obtain clinical confirmation of the above laboratory observations. The latter task is fraught with many difficulties, but should not be insuperable in spite of the negative results so far obtained. The clinical confirmation of the laboratory work in connection with the other vitamins encourages one to think that a parallelism also exists in this case.
SUMMARY.
(1) The inclusion of kale in the winter ration of the cow raises the vitamin A content but not the vitamin D content of the milk.
(2) The inclusion of cod-liver oil in the winter ration of the cow raises the vitamin A and the vitamin D content of the milk.
(3) Previous observation that the administration of high doses of cod-liver oil to cows reduces the percentage of fat in their milk is confirmed.
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